The aim of this pragmatic study was to explore the intervention of acupuncture combined with hydrotherapy and perceived effects in type 2 diabetic patients with recently diagnosed, mild, lower-extremity arterial disease (LEAD) in comparison with a control group.
Background
With the economic globalization, urbanization, and aging population, the incidence of diabetes has progressively increased over the last decade in developed and developing countries [1, 2] . With high prevalence of type 2 diabetes worldwide, diabetic complications such as retinopathy, nephropathy, neuropathy, skin ulcer, and atherosclerosis have become a major health problem leading to reduction of life quality and increase in premature death in adults. The clinical and public health importance of peripheral artery disease (PAD), particularly lower-extremity artery disease (LEAD), among the people with diabetes has been increasingly recognized over the last 20 years in China and has become one of the most common forms of peripheral vascular disease in the last decade. The epidemiological evidence of diabetes-induced LEAD is represented clinically as chronic or acute-on-chronic ischemia occurring in the whole or part of an extremity, with resultant numbness, resting pain, and claudication with or without associated ulceration and gangrene. In Western countries, approximately 35 .0% of diabetic people aged >40 years have at least 1 LEAD condition, and this rate is higher among persons aged >60 years than among those aged 40-59 years. Of these, about 53% of those with diabetes were symptomatic. In China, multiple complications of LEAD in the diabetic population are the leading cause of non-traumatic amputations. For patients aged over 65 years, diabetes causes a more than 20-fold higher risk for amputation and limb loss.
Based on the traditional theory, the effect of acupuncture has been well documented in studies through targeting an imbalance of yang and yin, qi, and xue. Hydrotherapy is widely used for people with some chronic illnesses such as arthritis [3] and OA [4] , as well as multiple sclerosis [5] , in observational investigations. It is suggested that hydrotherapy can provide pain relief, reduce edema, and alleviate loading pressure on the key joints. It has been recognized that complementary and alternative therapies, including traditional herbal, Tai Chi, massage, and yoga, can be integrated in the management of diabetes mellitus. Several investigations have addressed the effectiveness of complementary methods prescribed in clinical settings [6] . To the best of our knowledge, no data is available evaluating the effect of acupuncture plus hydrotherapy as an intervention in diabetics with LEAD.
Our major hypothesis is that there is a complementary-induced change in physical functions mediated by integrating 2 different alternative actions. If this were the case, combination of acupuncture and hydrotherapy might improve clinical outcomes among diabetes patients with LEAD in addition to routine care.
The secondary aim of this study was to determine if the treatment can rebalance serum inflammatory markers among diabetics with LEAD. We hypothesized that systemic inflammatory responses could result from acupuncture action in stimulating pitch points of meridians as well as thermal hydrotherapy. Our study explored changes in serum inflammatory markers C-reactive protein (CRP), inflammatory cytokines, and plasma lipid peroxidation mediators [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] during the clinical observation in order to elucidate the possible mechanisms of the complimentary effects of these 2 combined therapies.
Material and Methods
The trial design and the participants This randomized, controlled, single-center trial enrolled patients from November 2014 to March 2015 at Hebei Chronic Disease Rehabilitation Center (HCDRC), Qinhuangdao, China. A senior PMR was selected as the trial examiner, who remained blind to participants' group allocation and carried out all outcome assessments. All the eligible participants were randomly assigned by a blinded senior PMR researcher, using a computer-generated randomized list, to the acupuncture plus thermal hydrotherapy group or the control group.
Diabetes was confirmed if the patient was taking diabetes medications, had a medical report of 6.5% or higher Hb1Ac, or had a record of physician-diagnosed diabetes. LEAD was defined as: 1) PAD (ankle-brachial blood pressure index (ABPI) of <0.9 in either leg), 2) PN (1 or more insensate areas in either foot), 3) self-reported history of a foot ulcer or sore on a leg or foot that took >4 weeks to heal, or 4) observed foot lesions or foot/toe amputation. PAD cases were classified as symptomatic if participants answered "yes" when asked whether they ever had calf pain in either leg while walking. Two hundred thirty-five diabetic type 2 patients aged 62-68 years who were suffering from lower-extremity ischemia were admitted in HCDRC. The clinical diagnosis was according to clinical inclusion criteria: persistently recurring numbness, resting pain and intermittent claudication for at least 2 weeks, and/or foot ulcers or gangrene. All diagnoses were confirmed by Doppler sonography and angiography at recruitment. Exclusion criteria were treatment with another CAM, either current or within the previous 3 months, and cardiovascular emergency, current or within the past 3 months. History of pharmacological treatment was collected. Smoking history was collected because smoking is an important risk factor for peripheral arterial disease. Patients who had never smoked cigarettes daily or quit smoking more than 5 years ago were considered nonsmokers, and those who reported current daily smoking or quit less than 5 years were classified as smokers. Alcohol drinking was defined as consumption of 30 g of alcohol per week for 1 year. None of the subjects were on antioxidant supplementation. Data on the optimal ABPI threshold for the diagnosis of mild LEAD are scare since different criteria have been used to determine the optimal cutoff value. In current study, the cutoff value for diabetic people with mild LEAD was between 0.74 to 0.90. Furthermore, only those who have symptomatic PAD were recruited as participants in clinical judgement. Symptomatic PAD cases were positive if patients answered ' yes' when asked whether they ever had calf pain in either leg while walking. Since the sensitivity of ABPI could be significantly increased in post-exercise, out patients have been tested ABPI after one minute of treadmill exercise to determine the degree of LEAD.
Sampling
One hundred ninety-three diabetes type 2 patients with mild LEAD were recruited in the clinical trial. Among the 193 accessible patients, 39 did not meet the inclusion criteria and 19 refused participation at recruitment or during the study. According to the study design, the 2 randomized groups had approximately equal medians for basic variables. Informed consent was obtained from each patient before entering the study, which was performed in accordance with National Human Subjects Protection Committee on Clinical Trials and Patient Confidentiality. The study protocol was approved by the Hebei Clinical Ethics Committee. The division of groups was balanced for the severity of LEAD measured and those variables including HbA1C levels and smoking history as well as medicine treatment, using a stratification system for each combination of LEAD levels and variables.
Interventions
We performed an experimental clinical trial with acupuncture plus low-radon hot spring thermal hydrotherapy for the treatment group and a control group. The study was performed from April 2015 through October 2015 in HCDRC, Qinhuangdao, China. The aim and process of the study was explained to all participants and then individual written informed consent was collected. The intervention package for acupuncture plus hydrotherapy was scheduled in the 15 consecutive weeks. The treatment session consisted of 2 sub-sessions: (1) a total of 12 acupoint locations on the body for 30-min acupuncture needling in situ in the morning, and (2) a 30-min thermal hydrotherapy in the afternoon of the same day. There was 1 session every 2 days and participants were convened in small groups of 12.
The acupoints used out in the study were Zusanli (ST 36), Taibai (SP 3), Sanyinjiao (SP 6), Fenglong (ST 40), Taixi (KI-3), and Yanglingquan (GB 34). The auxiliary points used were Hegu (LI 4), Quchi (LI 11), Chongyang (ST 42), and Yinglingquan (SP 9) to improve circulation stasis and phlegm; and Bafeng (EX-LE10) and Xiyan (EX-LE5) to improve numbness of the lowerextremity. The acupuncture point selection was tailored based upon the significant communication of yuan-source, zang-fu organs (shen) and qi within the key meridians through which dampness, phlegm, and stagnation of blood as well as lower extremities' numbness can be alleviated, and internal organs (e.g., spleen, liver and kidney) are nourished and invigorated.
A licensed and experienced acupuncturist identified and marked each location of the acupoints based upon the traditional method. The precise location of needles was determined by participant's achievement of "De Qi" sensation after a reinforcing-reducing rotation every 6 min performed by the acupuncturist. The manipulation can produce correct effects: a slight depression perceived by the participant as an ache or heaviness in the area surrounding the needle, and a grasping-needle sensation by the acupuncturist.
In a second sub-session treatment, a trainer supervised relaxation exercise for 10 min before and after hydrotherapy. The relaxation regimen was standardized and well instructed by the licensed physiotherapist, focused on the progressive muscle relaxation under guided mediation and progressive stretching and resistance movement. The exercise was designed to enhance the range and power of movement on the elbow, hip, knee, ankle, and foot. The speed and strength were adjusted by the instructor based upon the participants' capabilities. To avoid fatigue, pillows were used to support back, knees, or hip on the mats. The patients then slowly entered the hot spring water at 60-65°C with the water up to the suprastomal notch. For those who had ABPI <0.40, a weighted chair was placed in the water. When immersed in the hot water, the patients kept the upper and lower limbs straight up and allowed a slight movement. At the end of the 30-min immersion, participants slowly stood up and left the pool. All the patients were required to rest for 5-10 min a thermally neutral room with temperature 25°C before and after the intervention. The main components levels in the hydrotherapy are shown in Table 1 .
Treatment was immediately terminated if there was any breathing difficulty or palpitation or intolerable leg/foot pain and the patient would rest in a quiet room. For participants in the control group, the daily routine activities were maintained with no acupuncture or hydrotherapy or body relaxation exercise during the study period. The control group subjects met once a month following up and equivalent data collection timed to match that in the intervention group.
Pre-test and pilot study
A pre-test was administered by assessing physical status and self-report questionnaires before and after the intervention. Brief surveys on 9 type 2 diabetic patients selected were collected before a pilot study to purposively explore interest, motivation, and expected benefits through the treatments.
Afterwards, a pilot study was conducted to identify the weakness and therapeutic benefits for the participants. Accordingly, the limitations of the pilot study were rectified to facilitate the feasibility and logistics of the protocol. All subjects (acupuncture plus hydrotherapy and control) were given a gift certificate for free diabetes consultation and free monitoring of blood glucose levels and dietary recommendations.
Data collection in outcomes
The collection and analysis of all outcomes described in the protocol were conducted by blinded assessment.
The lab examiners, clinical psychologist, and statistic staff were blind to participants' intervention and control groups. The data was recorded in coded documents for the final analysis.
The interview assessment, self-report measure, physical status, and hemodynamic and biochemistry measures were conducted at the baseline, after 15-week hydrotherapy, and at 6-week follow-up time points during subjects' visits at the rehabilitation center. The primary outcomes were: (1) symptomatic LEAD assessment through ABPI, Edinburgh claudication questionnaire (ECQ) evaluation and leg vascular conductance (LVC) values, (2) laboratory physical status through lower-body flexibility and aerobic walking endurance measures, and (3) self-report measures through the walking impairment questionnaire (WIQ), EQ-5D, DASS21, and SF-12.
In brief, ABPI was calculated by dividing the average of systolic blood pressure measured in the dorsalis pedis and posterior tibial artery pressures by the average systolic blood pressure measured in brachial artery pressures in a supine position [17] . It was determined by the following equation: ABPI=ankle systolic blood pressure/brachial systolic pressure. According to ABPI values, the severity of LEAD was classified as normal, mild, moderate and severe degrees. Edinburgh claudication questionnaire (ECQ) was carried out based on a previous study [18] [19] [20] for diabetic survey in intermittent claudication. Based on the ECQ, the intermittent claudication with LEAD was defined as grade 1 or grade 2. For leg vascular conductance, the method was based on a previous report [21] which estimated leg vascular conductance using diving leg blood flow by simultaneous measured mean arterial pressure as the following equation: LVC=leg blood flow/mean arterial pressure. Leg blood flow was measured by venous occlusion plethysmography and mean arterial pressure was measured simultaneously beat-to-beat though radial artery applanation tonometry (T-Line system, San Diego, USA). LVC was expressed as milliliters per min per mmHg.
Lower-body flexibility was defined as chair-sit-and-reach in which the distance from the subject's finger tips and toe tips of extended legs. Hip joint flexibility was assessed by the rotation angle from the pelvis to femur as the subject lifting the leg straight up in the supine position. The measures' accuracy and reliability were evaluated elsewhere [22] [23] [24] . Aerobic walking endurance was measure according to the description in previous reports [25, 26] and adjusted to 6-min walking distance and 4-min walking speed by a standardized protocol.
Self-reported physical symptoms were estimated by WIQ in the participants based on the previous studies [27] [28] [29] and its validation was well evaluated in Chinese diabetic adults [30] . In order to further assess health-related quality of life during the clinical intervention process, we used the EuroQol-5 Dimensions questionnaire (EQ-5D) and SF-12. EQ-5D tracked the health status with 5 dimensions -mobility, self-care, usual activities, pain/discomfort, and anxiety/depression -and there were 3 levels in each dimension. The SF-12 questionnaire was designed to perform the physical components summary (PCS) and mental health component summary (MCS). The translated version of EQ-5D and SF-12 were recently recommended in the analysis of quality of life among Asians with diabetes [31] [32] [33] [34] [35] .
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Secondary outcomes were: (1) anthropometric measurement of height and weight for body mass index (BMI) and waist circumference; (2) blood assays of fasting glucose level, insulin, HbA1c level, total serum glyceride (TG), and serum LDLcholesterol; and (3) inflammatory factors of serum C-reactive protein (CRP), inflammatory cytokines (tumor necrosis factor (TNF)-a and interleukin (IL)-6), plasma lipid peroxidation mediators (malondialdehyde (MDA)), and stress oxidation factors superoxide dismutases (SOD), and glutathione (GSH). In brief, fasting plasma glucose level was measured using EKF´s Biosen analyser (Boerne, Tx, USA). Insulin was measured through electro-chemiluminescence immunoassay with the Elecsys ® analyzer (Roche Diagnostics, Mannheim, Germany). HbA1c level was measured using direct enzymatic assay (Diazyme Laboratories, CA, USA). TG and LDL-cholesterol were analyzed by using the Hitachi 717 Autoanalyzer (Roche Diagnostic GmbH, Germany). Serum CRP was measured by particle-enhanced immunoturbidimetric assay (Roche Diagnostics, Mannheim, Germany). The serum levels of IL-6 and TNF-a were measured using a highsensitivity Luminex-based magnetic bead assay (Bio-Rad Inc, Hercules, California, USA) according to the manufacturer's protocols. For all measurements, an average of at least 2 readings was taken for value analyses. The level of MDA was determined by using the TBARs (thiobarbituric acid reactive substances) method; GSH activity was measured by using cumene hydroperoxide and 1-chloro-2, 4-dinitrobenzene as substrates; and SOD activity was determined through inhibition of the reaction of xanthine oxidation [12, 15] .
Sample size
Sample size estimates were based on the primary outcome measure, symptoms, and physical status. To detect a change of 25% in the ABPI and physical functioning scales between the 2 matched groups and based on an a level of 0.05 and 10% dropout rate, a sample size of 120 participants was required (60 in each group).
Statistical methods
In this study we examined the hypothesis that hydrotherapy would give significantly more therapeutic benefit than acupuncture alone. The effect size (ES, mean change between follow-up and baseline divided by the standard deviation of the group's baseline scores) was calculated for responsiveness in terms of measured outcomes with significant improvement between the intervention group and the control group. The values represent improvements (positive) or reduction (negative) in the number of standard deviations of the baseline scores (ES) and ES ³0.80 represents large, ³0.50 and £0.79 is considered as moderate, ³0.20 and £0.49 as small, and £0.19 as very small. Continuous variables are reported as mean (SD) or median (interquartile range) and categorical variables as number (%). Between-group differences were assessed using the t test, Wilcoxon test, c 2 test, or Fisher exact test, as appropriated. The associations between the outcomes of intervention, (LVC, physical measurements, and self-reported evaluation) and these variables were tested by using logistic regression analysis.
Results

Patients and LEAD features
In the current study, we screened 193 diabetic patients between November 2015 and March 2016. Of these, 39 did not meet the inclusion criteria mainly because of severe renal dysfunction, ventricular failure, and surgical reasons, as well as having received complementary or/and physical therapies in the past 3 months. About 10% (n=19) were not interested, were unwilling to participate in a randomized trial, or were not available during the intervention period. A total of 135 were enrolled and 9 patients refused to provide written informed consent. One hundred twenty-six were randomized in the rehabilitation center for eligibility. For diabetic duration, LEAD severity classified by ABPI degrees, and ECQ grades, the morbidities and other risk factors were not significantly different between the age-matched groups. Management of empirical treatment did not differ significantly between the intervention and the control groups at baseline. Description of recruited participants is shown in Table 2 . As the intervention processed, 5 patients (2 in the intervention group and 3 in the control group) withdrew because of unwillingness to participate, transportation problems, and family commitments. The final post-intervention evaluation and 6-week follow-up were completed by 121 patients.
Primary outcomes
Post-intervention significantly reduced the severity of intermittent claudication symptoms in the intervention group of acupuncture plus thermal hydrotherapy. First, the magnitude of intervention was the changed level of ABPI. In one side, 15-week intervention and 6-week follow-up, as compared to the baseline level, resulted in an increased level of ABPI from 0.78 to 0.82 and 0.81; On the other side, the control group decreased the level from 0.74 to 0.73 (Table 3) . The results were evaluated for a standardized effect size (ES) showing that the combined therapy caused in an overall improvement of ABPI degrees compared with the control (Table 4 ). There were three participants (4.60%) showing a normal ABPI after treatment and follow-up, and four participants (6.45%) in the control group progressing to a moderate degree in the observation period. Secondly, upon the ECQ evaluation score, the intervention group demonstrated significant improvements with decreased proportion of moderate/severe claudication with rest pain (Grade 2) by 7.40% (95%, -0.11 to -13.7; ES, (Table 4 ). The benefit effect on the prevalence of intermittent claudication based upon ECQ was remained at the end of 6-week follow-up (Table 4) . Thirdly, we measured the leg vascular conductance to evaluate vascular action. The average of LVC at the basal stage was lower than the values of previous reports in the elderly non-diabetic and insulin-resistant subjects [37] . There was overall statistical change of leg vascular conductance only in acupuncture plus hydrotherapy group through baseline to the follow-up point (P<0.05) ( Table 3) ; As compared with the control, 15-week combined therapy resulted in increases of 0.32 ml/min/mmHg (95% CI, 0.08 to 0.56; ES, 0.43, P<0.02) at the end point of post-intervention and 0.56 (ml/min/mmHg (95% CI, 0.13 to 0.99; ES, 0.59, P<0.01) at the 6-week follow-up (Table 4) . Fourthly, no significant change in blood pressure was found on all of these outcomes between baseline, and post-intervention / followup points in both groups.
Finally, across the 15-week's intervention and 6-week followup, the physical status was evident changed in lower body flexibility and aerobic walking endurance ( Table 3 ). The significant difference between the intervention group and the control were found in some physical functions represented by the chair-sit and reach, strength/endurance and 6-min Data are means (SD) or n (%, percentage) or interquartile range (IQR);. # a linear trend value. TNF -tumor necrosis factor; MDA -malondialdehyde; SOD -superoxide dismutase; GSH -reduced glutathione; WIQ -the walking impairment questionnaire; PCS -the physical component summary score; MCS -mental health component summary score. walk distance assessments. Similarly, the effect remained after 6-week follow-up (Table 4) .
Secondary outcomes
There were no significant between-group differences in fasting blood glucose level, Hb1Ac, and insulin levels across the intervention and follow-up period, nor were there any significant change in blood pressure and anthropometric values between groups (Tables 3, 4) .
Serum inflammatory analyses were performed comparing responses in the intervention and control groups. No significant effect of acupuncture plus hydrotherapy was found on inflammatory factor CRP, IL-6, SOD, and GSH levels. However, the levels of TNF-a and MDA were down-regulated after the therapy. At the endpoint of 6-week follow-up, a significant decline in serum levels of IL-6, TNF-a, MDA, and SOD and an increase in GSH level were observed (Tables 3, 4 ).
The combined therapy significantly improved the results of the self-reported measures of walking impairment questionnaire Table 4 . Results of variables post-intervention group and follow-up vs. control group.
% -percentage; IL -interleukin; TNF -tumor necrosis factor; ES -effect size; additional definitions refer to Table 3. and SF-12 subscale-PCS across the intervention period. The analysis of health-related quality of life was evident in better response in the intervention in all the EQ-5D dimensions and index scores and SF-12 MCS score (Tables 3, 4) .
After adjusting for age, sex, medical history, and other risk factors, the ORs (odd ratios) for having a reduced TNF-a level were 0.58. 0.54. 0.49, 0.56, and 0.51 for LVC, chair-sit-andreach, strength and endurance, WIQ, and PCS, respectively, in the intervention group. The logistic regression analysis showed the significant association of outcomes with intervention therapy (P=0.02, 0.005, 0.009, and 0.001 respectively) ( Table 5) . Similarly, MDA and SOD levels were positively associated with these outcome variables in the regression analysis in the overall intervention and follow-up (Table 5 ). Negative correlation trends were observed for the associations of GSH level with LVC, physical measurement, and self-reported evaluation.
Tolerance and adverse events
Across the period of trial, the duration and frequency of acupuncture were acceptable and hot spring thermal therapy was well tolerated when following the instructions of the study protocol (see Methods). No unexpected serious adverse events took place during or after the intervention. There were 8 occurrences of soreness and mild bruises around the acupoint site in 5 patients and 3 reports of a mild dermal sensitivity in 3 patients, which were treated as outpatient at the hospital; adverse effects were not clinically concerning.
Discussion
This study shows that the intervention can be applied to diabetic patients with symptomatic LEAD for 20 weeks. This approach is successful in real-world practice when combining acupuncture with thermal hydrotherapy among the participants who had an average 7.9 years of diabetes and 2.1 years of LEAD with mild symptomatic manifestation. Traditional acupuncture therapy works by enhancing circulation in the lower extremities and reducing pain/numbness. To the best of our knowledge, the present study is the first to evaluate the effect of the combination of acupuncture and hydrotherapy in comparable samples of diabetic patients with symptomatic LEAD, as it enables us to determine whether the intervention will supply specific information about safety and benefits. Our study aimed to develop an approach targeting reduction of body load and avoidance of high-impact activity in maintenance and improvement of leg function in subjects with LEAD. During the intervention, the subjects reported that post-acupuncture therapy in the morning gave them a sense of pleasant calmness or/and relaxation, and aquatic movement in the afternoon altered overload of legs by transferring load from affected areas to other areas. The intensity and frequency for 15 weeks in the current protocol in the combined acupuncture with hydrotherapy did not increase the risk of skin bruise, ulceration, or development of Charcot joint, which can occur in weight-bearing exercise [36] . A previous report showed the concern of a risk of declined ventricular function during warm water immersion among the people with systolic heart failure [37] . As compared with aerobic exercise, which may elicit beneficial effects in endothelial function [38, 39] , hydrotherapy in this study did not require more specific skills and was more easily adjusted in intensity for safe continuation among diabetic patients with mild LEAD. In clinical practice, it is less likely than aerobic exercise to cause a host of undesirable and potentially adverse effects, including injuries and foot trauma.
We assessed blood pressure, heart rate, and skin response to evaluate the tolerance of subjects to acupuncture plus hydrotherapy. There were no significant or serious adverse events. Although the 2 therapies may induce nerve damage and dermal sensitization/irritation due to needle penetration and the Table 5 . Association of TNF-a, MDA, SOD, and GSH levels with outcomes in the acupuncture plus hydrotherapy intervention and follow-up in diabetics with mild LEAD.
potential dissolved materials, the occurrence of adverse nerve damage and skin response, and events requiring immediate withdrawal had no significant effect on data collection, power analysis, or data validity.
Our findings show that the benefit of the intervention was detected with post-intervention decreases in serum TNF-a and MDA levels in the subjects compared with the controls. Furthermore, the changes in clearing free radicals were inversely correlated with alternations in the leg vascular conductance, chair-sit-and-reach, strength/endurance, WIQ, and PCS self-reported evaluations. These data indicate that the combined complementary therapies, as compared with the control, demonstrated measurable improvements in inflammatory homeostasis. Although the mechanisms through which the diabetic condition deteriorates the distal hemodynamic homeostasis and leads to arterials dysfunction are not fully elucidated, the roles of accumulated glycosylation end-products and arterial inflammation has been documented [40] . Recent studies showed that chronic TNF-a elevation impairs glucose uptake and induces insulin resistance and fat oxidation and stimulates IL-6 and CRP production. MDA, an indicator of lipid peroxidation and oxidative stress in vivo, is elevated in diabetic patients with macroangiopathy [41] and is an independent predictor in diabetics with PAD [42] . The effects of acupuncture plus hydrotherapy on TNF-a and MDA associated with diabetic mild LEAD are yet to be fully understood. It is consistent with previous studies that acupuncture downregulates serum TNF-a in the rat model of COPD [43] and MDA in the rat model of hyperlipidemia [44] . Among people with bronchial asthma [45] and osteoarthritis [46] , stimulation by thermal hydrotherapy is associated with immune suppression. Endothelial cells within the vessel wall of lower extremities in patients with LEAD may produce cytokines and oxygen-derived free radicals due to hypoxia and reoxygenation [47] . Furthermore, TNF-a induces NF-kB activation and inflammatory gene expression in atherogenic and inflammatory process [48] and regulates a atrial natriuretic polypeptide (a-ANP) and vasopressin. Thus, our findings suggest that the effect of acupuncture plus hydrotherapy can improve of the endothelial cells' anti-inflammatory property, reduction of free radicals, and regulate the hypothalamic-pituitary-adrenal axis function [49, 50] . The other explanation is likely that an increase in serum antioxidant capacity, represented by total reactive antioxidant potentials (TRAP), would have been detected.
CRP, an inflammatory factor involved in endothelial dysfunction, can predict the high risk of progression to diabetes [51] and possibly the severity of cardiovascular comorbidity [52] . Population studies showed inflammatory markers such as CRP and IL-6 are negatively associated with beneficial effects of regular physical activity [53] . A recent study showed that CRP is associated with physical activity and risk of metabolic syndrome among Chinese people [54] . The levels of CRP in our study were 15.2 mg/dl in the intervention group and 16.6 mg/ dl in the control group, which is slightly higher than that in people 50-70 years old. However, no significant change in levels of CRP was found after intervention activity for 15 weeks and 6-week follow-up compared with the control therapy. This result is consistent with a recent study of acupuncture in diabetes [55] , which may reflect different impacts on particular inflammatory markers due to therapy type, intensity, or duration.
Another of our findings was decreases in serum IL-6 and SOD levels and an increase in GSH at 6-week follow-up. Some studies showed an inverse correlation between systemic SOD activity and indices of glycemic control in diabetic patients [56] . However, our study does not allow conclusions to be drawn because there was no significant improvement in glycemic control. This may reflect differences in intervention methodology or study design. Type 2 diabetic patients have decreased GSH levels in different phases of the disease. There is an inverse correlation between GSH levels and the presence of DM complications [57] . Our findings suggest the intervention corrected the impaired GSH levels. Overall, our findings indicate that acupuncture plus hydrotherapy can improve leg conductance and physical function by alleviating oxidative stress and inflammation.
This suggests that the combination of acupuncture with hydrotherapy does bring closer the desired goal of reducing dyslipidemia and inflammation and stabilizing oxidative factors homeostasis in patients with lower-limb diabetic macroangiopathy. Clinical treatment generally includes percutaneous balloon angioplasty, endarterectomy, radiological, pharmacological interventions, and amputation, while combined treatment improved diabetic LEAD, which is a relentlessly serious condition, especially considering the high rate of amputation and mortality [58] . To better understand the possible mechanisms underlying the protective effect of complementary therapy in lower-extremity circulation, it would be interesting to investigate levels of uncoupling proteins (UCPs), such as anion carriers in the mitochondrial inner membrane, which inhibit free radical generation, and levels of endothelial-derived nitric oxide [59] and reactive oxygen species (ROS) [60] .
We assessed symptoms and walking performance among the patients with mild and moderate LEAD at the end of the combined therapy and showed a reduction in the difficult barriers of objective measures, especially in physical capability and improved hemodynamic outcomes in ABPI and ECQ evaluation. The benefits were also associated with composite outcomes in self-reported measures in which WIQ distance score and speed score were greater and relevant general health quality levels represented by EQ-5D and PCS were significantly improved after the intervention. Subjects with LEAD had lower LEAD-related physical measure (WIQ) and lower QOL scores (EQ-5D and SF-12) at baseline. After 15-week intervention of acupuncture plus hydrotherapy, a significant improvement from baseline was observed in WIQ distance (ES, 0.53, CI, 0.46-0.60, P<0.05) and WIQ speed (ES, 0.50, CI, 0.42-0.58, P<0.05), and QOL scores (Table 4 ) compared with the control group. Our results suggest the intervention significantly improved certain LEAD-related symptoms measures and general health-related quality of life. It supported the previous studies which showed improved sleep quality, physical function/symptoms, and psychological disorders in patients with fibromyalgia by using acupuncture [61] or hydrotherapy [62] . The benefits were sustained at the end of 6-week follow-up.
The 15-week intervention and 6-week follow-up statistically increased leg vascular conductance (LVC) and showed positive associations between LVC and low extremity strength/ endurance, indicating the reduction in partial sympathetic vasoconstriction [63] and restoration of blood flow [64] . As a result, the muscle chemoreflex may functionally impact the blood pressure response [64] to certain physical activity such as sit-and-reach. However, our findings showed no significant change in body weight, HbA1c, or glycemic control. A recent study showed that aerobic training (3.4 times per week for 18 weeks) reduced HbA1c by 0.6% and decreased risk of diabeticrelated complications by 32% compared to the control groups [65] . The result likely in part reflects the therapeutic difference between complimentary therapies such as acupuncture and hydrotherapy and other aerobic training in delivering biosystemic rejuvenation.
Limitations
This investigation had a sound complementary study design and adequate power to examine the hypothesis in randomized control analysis. However, our study may have limited relevance to socioeconomic position, which could affect diabetes progress, especially for women [46] . Second, the study was unable to account for subject's genotype with polymorphism of cytokines' regulating expression and plasma clearance. Third, only a control group was used to compare with intervention therapy in this study, and the evaluation should include comparison with acupuncture alone or hydrotherapy alone. Fourth, we did not perform long-term assessment of effects of the intervention.
Conclusions
In the elderly diabetic type 2 patients with LEAD, 15-week acupuncture plus hydrotherapy compared with the control was safe and significantly prevented LEAD progression. The intervention without significant glycemic-controlling effects exerts anti-inflammatory effects and improves physical function in type 2 diabetic patients with mild LEAD. The mitigation in inflammatory cytokines is likely associated with improvements in hemodynamics, physical measures, and self-reported measures. This study suggests that acupuncture plus hydrotherapy may be useful in the treatment of diabetic patients with mild LEAD.
